I. INTRODUCTION
SINCE the introduction of the wireless telephony, the terminal configuration has been under the responsibility of the user (world-wide roaming with GSM still requires the user to manually switch frequency bands when traveling from one continent to another). Next step will pass a new stage: the one of intelligent terminal. That is to say, a terminal will be capable of taking initiatives at all levels of its functionality transparently to the user, at the application level as well as at the radio level. This is known as the Cognitive Radio (CR) concept.
The ability of the lower layers of a wireless system to support multiple communication schemes includes a very wide spectrum of topics already in the scope of the SoftwareDefined Radio (SDR) research community, among them we can just evoke: concepts [1] , regulatory [2] , HW and SW architecture [3] , reconfiguration [4] , design methodology [5] , signal processing [6] , HW components, etc. All those approaches, gathered under the term SDR, tend to converge towards a common goal: facilitate the design, production and commercial success of multi-purpose communication systems as they are considered as keys to answer future wireless systems paradigm. This paper introduces the notion of an umbilical cord that can keep a CR device constantly connected to its environment, by resorting to the specific characteristics of Ultra-Wide Band (UWB) systems regarding sensing and downloading means. Furthermore, gathering various types of UWB technologies and applications and combining them with CR bring a new light onto the promising field of ubiquitous radio systems.
The paper is organized as follows: Cognitive Radio, its common features, requirements and challenges, are presented in part II. Part III describes how the UWB technology could be useful in a CR context. Finally, the umbilical cord concept is detailed in part IV, along with a particular UWB architecture that could be used in that frame.
II. COGNITIVE RADIO
A. Overview The Cognitive Radio concept, here tackled in its widest and unrestricted sense, refers to a communication system that is able to observe its environment, analyze it, and react to it in some way. This kind of control loop is illustrated in Fig. 1 acquire, to some extent, both the self-awareness and autonomy it needs to automatically take initiatives that will make life easier (or cheaper) for its owner, without even his being aware of it. How much cognitive the device is in the end depends on those three components. In order to be consistent, the analysis and learning parts of the smart sub-system must be fed with sufficient stimuli, and its decision part must make sure that the underlying hardware can indeed support its adaptation orders.
B. Sensing means
Sensing means refer to all the possible methods the CR system has at its disposal for observing its environment, which can be categorized in four main families represented in Fig. 1 [8] , such a positioning ability, coupled with a telecommunication network, would bring a wide range of new services to the user and as many value-added activities to operators. It could first of all reinforce GPS's coverage and precision and benefit from centralized maps databases to virtually explore its geographical environment. Also, by locating other CR systems in the vicinity, be they mobile or not, either by direct radio contact or by searching the network, it could gather various kinds of evanescent information that no remotely stored database could provide: detecting the presence of a friend, a taxi in the next street, or a high data-rate hot spot installed just around the corner for a limited time.
C. Adapting means The football game example given in the previous section illustrates how the sophisticated sensing means of a CR terminal can be of valuable help to its user, yet it remained his responsibility to react in the most appropriate way (take a few steps toward a base station in that case). The possibilities of such an intelligent communication system should extend far beyond that however, and provide automatic procedures to adapt to its environment in an efficient way, transparently to its user.
The actions the CR system can take in that purpose can in turn be categorized in several classes depending on the number of actors involved in the process (terminal, network, operator, regulation, manufacturer, user All those adapting actions involve reconfiguration mechanisms whose complexity depends on the amount of objects to reconfigure, the speed at which this reconfiguration must operate, and the actors involved in the process. In order to have a constant access to a remote network in charge of managing reconfiguration, a ubiquitous dedicated channel may be necessary to download configuration data "over the air", either while on-line or off-line, for static or dynamic reconfiguration, and at physical layer up to application layer.
As an example, a terminal running UMTS detects that it is getting closer to a base station where SNR is better and decides to use sub-optimal signal processing algorithms that will still guarantee the required quality of service while consuming less power. Those new algorithms can be dynamically downloaded as needed [9] . As it goes by, the terminal detects that it is entering a WiFi-covered area and decides to switch to that standard in order to benefit from cheaper billing rates, according to its owner's preferences. Besides, engineers who tackle UWB soon come to face some very tricky technological difficulties; VHDR solutions that target more than 1 Gbps must have the processing power to support that; LDR solutions need to track in a very precise way pulses shorter than a nanosecond in order to perform efficient localization. In all cases, low transmitted power and possible in-band interferors (narrow-band systems) make it hard to detect and track the signal.
As can be seen from those considerations, UWB, just like Cognitive Radio, is not yet totally operational, but good hopes can be had for the future. The next two sections describe how UWB, without focusing on any particular technology, could meet many of the requirements conceming Cognitive Radio as listed in part II. predictable that ubiquitous connection will be obtained through LDR devices rather than HDR most of the time. First of all because their low cost and low power consumption should favor their deployment; but also because they are supposed to cover a larger area, at the price of a lower throughput. LDR systems are expected to achieve transmission rates of about 100 kbps at 100 m, against 100 Mbps at 10 m for HDR systems. Hence CR devices would get different reconfiguration services depending on the nature of the surrounding UWB systems. LDR would be there most of the time to provide basic ones for which downloading time is not critical, like bug fixing, code enhancement, or even downloading of a new air interface yet unknown to the CR device (it might be worth waiting a few seconds to download it if it is the only available high data-rate standard in the vicinity). Here and there, HDR UWB systems would provide local hot spots where more demanding reconfiguration scenarios would be workable, like dynamic code adaptation or handover from one communication standard to another.
These statements rely on the assumption that the CR device can accommodate to most UWB standards it might encounter, of both LDR and HDR types. In other words, it implies that the UWB system itself is flexible, either by nature (multipurpose modulation scheme), or through reconfiguration capabilities, or both. Without going that far, next section describes a particular UWB air interface that supports the SDR features required to obtain such a flexibility and provide an umbilical cord to the CR system.
IV. A UWB UMBILICAL CORD
A. Definition The umbilical cord should be here understood as the link that keeps a CR device permanently connected to its surrounding world, that feeds it will all the nutrients it needs to evolve, and that provides the information its cognitive nature demands. The various points developed in section III show that UWB could perfectly play that role. This idea is illustrated in Fig.2 , where UWB is used for both its highly versatile sensing means (spectrum occupancy, positioning) and its communication means (data downloading for remote reconfiguration). Of course, the thickness of the umbilical cord depends on the types of UWB systems that are available in the vicinity: LDR systems will mostly provide sensing information at low speed, whereas HDR systems will be more useful when it comes to downloading configuration data at high speed. A combination of both types would bring the CR device the best ubiquitous connectivity to its environment.
In order to maintain a constant connection to the surrounding world, the umbilical cord must be able to adapt itself to the various kinds of UWB systems it encounters. In that purpose, de CR device's UWB air interface must itself possess intrinsic flexibility properties and support SDR's basic reconfigurability principles. This can prove hard to achieve though. Indeed, SDR guidelines recommend to sample the signal as close to the antenna as possible and then let digital chips do the rest of the processing for flexibility and adaptability's sake; but digitizing, and then processing, a signal that spans more than 2 GHz of band is very demanding in terms of sampling speed, computing resources and power consumption, and implementing it in a mobile handset can simply not be envisaged as of today's state-of-the-art technologies. Therefore, not all UWB solutions are good candidates for being implemented in an SDR fashion.
B. A compatible UWB solution This section presents an HDR/VHDR UWB architecture designed in the spirit of SDR, although with quite an unusual approach that makes its implementation feasible at low cost and compatible with SDR technological constraints. It shows how the HDR structure is in adequacy with the umbilical cord paradigm.
The HDR structure is based on a non-coherent energy detection method previously described in more details in [10] .
Data are transmitted over several 250-MHz-wide sub-bands (up to 24 to cover the whole spectrum) with a simple pulsebased On/Off Keying (OOK) modulation. Pulses are transmitted at time intervals slightly longer than the channel's delay spread to avoid inter-symbol interference. The demodulation process consists in measuring the energy received in each sub-band and comparing it to a previously estimated threshold as explained in Fig.3 . Due to the very short duration of pulses, there is no significant intra-symbol interference due to multi-path propagation. Rather, all received pulses add up to contribute to the overall measured energy. Performance results [10] based on IEEE channel models show that data rates of up to 600 Mbps could be achieved at 3 m and with an error probability of 10-5 (without coding To compensate for the relatively low rate at which pulses are emitted (several tens of MHz, as imposed by the channel delay spread), the signal is split into 24 sub-bands that all carry 1 bit of data. Not only does this parallel structure permit to achieve very high throughputs, but it also possesses intrinsic Cognitive Radio properties. Indeed, by measuring the energy received in each sub-band, the UWB device is able to dynamically analyze the spectrum's occupancy in steps of 250 MHz, and possibly detect the presence of nearby narrowband systems. It can then easily switch off any polluted band as needed to maintain a good link budget at the cost of a minor loss of throughput, while keeping from interfering with other systems. This built-in frequency scanning faculty could as well be used by the CR device to analyze its electromagnetic environment at any time, thus adding a sensing capability to this fast-download umbilical cord.
Finally, the VHDR UWB system's architecture, that features no such critical blocks as oscillators and mixers, whose noncoherent energy detection method does not require great hardware precision nor phase linearity [11] , and that relaxes constraints put on the analog to digital interface a lot, makes a good candidate for the design of cheap UWB solutions. The UWB umbilical cord based on this solution would share a unique SDR digital back-end with other communication standards, and the resulting system could target a large scale of applications and markets.
It can be anticipated from this HDR architecture that an impulse-based equivalent approach to LDR is viable, lying on a similar principle of an analog RF front-end providing the SDR digital back-end with signals sampled at rates of the same order of magnitude, as evoked in [12] . 
